excited state lifetimes, hfs splittings and Stark El transition amplitudes. These are compared with' experiment and are in good agreement. Contributions to the 6 2 S 1 , g,-factor anomaly '2 and to the forbidden 6 2 S experiments are currently underway to detect the parity nonconserving effect.
Our approach is the one electron central field (OECF) approximation .
. . · .
. ,
We find numerical solutions to the Dirac equation for the valence electron r(l+nr) 2 (1) where parameter n is chosen to give agreement between the observed and . 2 calculated 6 ~ energies. The wave-functions obtained are used to calculate .· 2 fine and hyperfine structure splittings, and allowed (El) transition rates and excited state lifetimes. These are compared with experimental results (see Section 2). The 6 2 S 1 -7 2 S 1 , 6 2 S 1 -8 2 S 1 Ml amplitudes and corrections
to g 3 (6 2 sf) ·are calculated in Section 3 and ·compared with experiment. '2 Relativistic contributions to the matrix elements, as well as the "Lamb" correction and corrections due to interconfiguration interaction and hyperfine mixing are included. We find that a theoretical formulation limited to these small effects is not entirely adequate. In Section 4
we present calculations of the parity-nonconserving El amplitudes
We find (2) and ~ -n I I <;O.PN(6S-BS) = 1.48i X 10 ~ llB (3) Here lllBI = len/2mecl and~= (1-4sin 2 ew)Z-N, where eW is the "Weinberg"
angle. Results (2) and (3) x~ce,cp) ) · , the Dirac equation
...
• -5-Our lmi ts are n = m = c = 1, E is the ionization energy, and other notation e is defined in I. The parameter n of the potential of Eq. (1} is folmd ·to be -1 -1 n = 355 .12 X = 2. 5914 a 0 (5) by requiring agreement between observed and calculated 6 2 S 1 energies .
~
The wave-ftmctions are calculated by integrating Eqs. (4) stepwise from the nuclear radius R 0 = .016X as described in detail in I. Table 1 splittings 8E are calculated between the highest and lowest F levels. (6) These are related to the usual hfs interaction constants A by 8EJ=l/ 2 = 4Ar/ 2
The results are presented in In Table 2 we present radial integrals and transition rates for Pt -st ,
-6- 
MAGNETIC DIPOLE TRANSITION RATES
The relativistic contribution to the 6S-7S or 6S-8S Ml transition amplitude is (8) where g 1 (kr) = ~n/2kr J 312 (kr) is a spherical Bessel function, and k and w are the wave-number and angular frequency of the absorbed photon, respectively. The foiTIIUla for nP 1 -n 'P, Ml transitions (as in thallium) -.z "Z was derived in I and is identical to Eq. (8) except for sign. We use our OECF radial wave-functions to compute the numerical results '7J2REL (6S-7S) = 9.05xl0-6 h.1BI
1JZREL (6S-8S) = 5.68 X 10-6 I~BI
These results and additional corrections are summarized in Table 4 . The "Lamb correction," discussed in I, arises from the interaction between
• •
) .
-9- Here <W> = f F(r 1 ) [f p(r 2 )r 2 dr 2 ] F' (r 1 )r 1 dr 1 where F, F' are the nona rl relativistic 6S, 7S(8S) radial wave-functions respectively, and p(r 2 ) is a spherically synnnetric core electron density, as in I. The "orbit-orbit" correction vanishes for S 1 -S 1 transitions.
~ ~
The relativistic and "Lamb" contributions to the g-factor anomaly for the 6 2 S 1 state may be computed in the same way. s( 1 P) states with 2 P( 1 P) states, and also mixes 2 s( 3 P) states with 2 P( 3 P) and 4 P( 3 P) states. Thus we obtain in second order:
I6S> "' 2 6 2 6
The m<P~ are ffip(tp) states with s-electron radial quantum number n. The A., B., c., D., are determined by the electrostatic interaction between 
where F 0 and G 1 are the direct and exchange electrostatic integrals and ~E is the perturbation energy denominator.
The second order coefficients a., s., y., o. are determined by fine The results for~1 (6S-7S) and similar corrections for the 6S-8S Ml amplitude and the 6S g-factor anomaly are presented in Table 4 . Similar 5 corrections due to the (5p 6p5d) configuration have been calculated; however, these are smaller (-25% of that obtained from Eq. 17)).
The overall uncertainty in the interconfiguration interaction correction could be as nruch as a factor of two or three. However, as can be seen from Table 4 , this calculated correction is too small to account for the observed 6S g-factor and 6S~7S M1 amplitude by an order of magnitude. This discrepancy is not reduced much by including contributions
of Sp n pns (n' > 6) or 5p n'pnd (n' > 6, n > s) configurations since their contributions diminish rapidly as n, n' increase. Our conclusion, consistent with that of Phillips, is that the observed anomalies are not due to interconfiguration interaction of this type.
An appreciable correction to the Ml amplitude arises from hyperfine mixing. The size of this effect can be derived from I-59, as modified for 
The numerical results are summarized in Table 4 . The poor agreement indicates that we do note fully understand the small (10-4 to 10-5 , up to fourth order) effects contributing to the Ml amplitudes. These do not affect the calculation of &PN since that calculation depends on large, first-order, amplitudes such as <El>sp and 1/Js ,p (r-+ 0). The small size of &PN is determined only by the small size of the Fermi coupling constant G. The "r=O" symbol indicates that the expression is averaged over the nuclear volume, and we assumed a constant nucleon density for r < 0. 016~.
An alternative procedure would be to assume a point-like nucleus and evaluate < HPN> at the nuclear radius; this produces a value 2% larger.
An El transition amplitude is now possible between the perturbed S-states. Its value is given by 
Bouchiat and Bouchiat, 4 using non-relativistic wave functions with a relativistic correction factor for < HPN>, a modified Bates-Damgaard -+-+ method for e<£•r>," and a finite stun over the nearest four P states, obtained a somewhat higher estimate of -i4.7xi0-9 lllBI for &P:N' in this transition 1 and a similarly higher result for the 6S-8S transition.
Using our analysis of hyper~ine structure and excited states decay rates, we can form an estimate of errors. Our hyperfine structure and fine structure calculations indicate that the magnitudes of the P-state wave functions as r-+ 0 are -10% lower than physically accurate. However, decay rate comparisons indicate that our < El > matrix -16- Therefore, it is important to calculate a reliable value of &S.
The coordinate system used in the calculation is illustrated in Fig. 2 , and is the same used in I. An electric field E e is perpendicular oy to the photon propagation vector ex. The photon has polarization 
. 9 L.J nS ,n P 3
,n 1
Yz Yz
etc. The quantities a and B have been evaluated by stmnnation over the nearest P 1 , P 3 states, and also by use of the Green's function. The 'i '2 results are summarized in Table 6 .
Our results can be compared with the calcul~tion of Bouchiat and value of e 2 a is probably somewhere between our result and that of Bouchiat and Bouchiat.
In Table 7 we combine the calculations of & S, '?n , and ~N in a single 2x2 matrix so that the interference among these amplitudes can be readily extracted. Table 7 gives the (6S-+nS) transition amplitudes with the photon directed along e with polarization~= ; cose +;sine. Green's function: . "
..
• . .. ... 
